Highlights
==========

-   Aphasia refers to the inability to comprehend or produce sentences because of damage to specific brain regions.

-   We studied the Persian-speaking patients with aphasia concerning their ability in comprehending different complex sentences.

-   Based on the study results, the aphasic patients have the highest ability in the comprehension of subject clefts and the highest difficulty in the comprehension of object relatives.

-   The outcomes of this study suggest that the sentence comprehension deficits of aphasic patients may not be related to linguistic disabilities.

-   The problems in the comprehension of non-canonical sentences may be caused by difficulty in concentration or cognitive problems such as low working memory in these patients.

Plain Language Summary
======================

Studies on aphasia are currently conducted on sentence comprehension as well as language production. According to many research studies, patients with aphasia can understand simple sentences but not complex ones. We intended to study comprehension ability of Persian-speaking patients with aphasia concerning different complex sentences. These sentences included subject clefts, object clefts, subject relatives, and object relatives. All of them were types of movement-derived structures. Also, simple declarative sentences were used as the control task. The comprehension of the sentences was assessed using a sentence-picture matching task. Based on the study results, the aphasic patients have the highest ability in the comprehension of subject clefts, although before this result we assumed that simple declarative sentences (in which there is no structural factor of complexity) could be understood easily. They showed the highest difficulty in the comprehension of object relatives. The outcomes of this study suggest that the sentence comprehension deficits of aphasic patients may not be related to linguistic disabilities. Moreover, the problems in the comprehension of non-canonical sentences may be caused by difficulty in concentration. Finally, our results support the claims that cognitive problems such as low working memory is responsible for sentence comprehension deficits in these patients.

1.. Introduction
================

Recently, studies on aphasia are focused on sentence comprehension as well as language production ([@B20]; [@B12]; [@B19]). In this regard, the term "syntactic deficits" was proposed to describe the language comprehension deficiencies in aphasic patients at the level of phrases or sentences ([@B8]). Many research studies indicate that Patients With Aphasia (PWA) can understand simple sentences while they have difficulty in the comprehension of complex sentences ([@B8]; [@B3]; [@B22]; [@B27], [@B28]; [@B18]). The way how Persian aphasics understand complex sentences has not been investigated so far.

There are three interpretations for the inability of sentence comprehension in aphasia. The first is based on cognitive origin and suggests a reduction in the resources (e.g. working memory) that may weaken memory needed for sentence processing ([@B31]; [@B30]; [@B5]; [@B3]; [@B35]; [@B6]).

The second, that is called "specific deficit models", proposes a linguistic origin and postulates that impairment in knowledge is related to specific sentential elements or the inability of using that knowledge in understanding ([@B31]; [@B33]; [@B1]). The third view states that syntactic processing does not recruit one specific area. According to structural and functional neuroimaging evidence, a network of areas, including Broca's area and anterior, middle, superior, and posterior temporal cortex and adjacent regions are involved in sentence comprehension. Thus, a disruption in the neural network within these areas results in sentence comprehension deficits ([@B15]; [@B32]; [@B45]).

One feature that can make a sentence more difficult to understand is the number of words in it. The comprehension of longer sentences such as relatives -that have embedded clauses- requires more capacity to maintain representation in memory. However, PWAs are pathologically deprived of these resources, i.e. working memory ([@B4]).

It should be noted that sentence structure also plays an important role in determining how challenging particular sentences are to understand. In this context, one factor of structural complexity relates to the syntactic movement ([@B8]). Many researchers maintain when an element of one sentence moves from its original position to another position, PWAs have problems to assign a semantic role to the moved element. Studies of comprehension of syntactic complexity in various languages have found that PWAs show the worst difficulties in the comprehension of sentences with the moved structures and non-canonical word order ([@B8]; [@B18]).

These findings mentioned the order of the words in a sentence as the important signal of syntactic complexity. The canonical word order is the most usual order of main sentential elements ([@B34]; [@B26]). Although, in English and some other languages to make a canonical word order the verb comes between agent and theme ([@B8]; [@B25]; [@B41]; [@B39]), in the Persian language the usual order of sentential elements is agent -theme -verb ([@B2]; [@B10]; [@B11]).

Sentences with non-canonical word order such as object relatives and object clefts are more complex than those with canonical word order such as subject relatives and subject clefts ([@B29]). So, one feature of our study is to determine the hierarchical level of complexity from less complex to more complex structures as it has not been investigated in the Persian aphasics yet. This issue becomes more important in recent studies, as one of the common therapeutic approaches is based on the Complexity Account of Treatment Efficacy (CATE) ([@B43]). CATE states that the training on more complex structures leads to generalization to less complex structures.

Research indicates that in the presence of syntactic factors of complexity in a sentence, PWAs are able to use their lexical-semantic knowledge as a cue to comprehend that sentence. In this regard, PWAs may understand a non-canonical sentence with irreversible semantic roles, since its semantic relations could be used as a cue ([@B42]; [@B18]). For this reason, in the current study, the semantic roles of all sentences were reversible. It is also interesting to explore whether the comprehension problems of non-canonical sentences are due to lack of attention or loss of knowledge about certain syntactic constituents. Finally, as a network of a brain area is involved in sentence comprehension and not one specific area, so we examined the comprehension of complex sentences in all non-fluent aphasic patients, including patients with Broca and agrammatic aphasia.

2.. Methods
===========

2.1.. Study participants
------------------------

The study participants were 6 aphasic patients and 15 individuals without communicative impairments. All participants were monolingual Persian-speakers, aged from 40 to 70 years (Mean±SD age: 57±7.8 y). They were divided into three subgroups: 40--50, 50--60, and 60--70 years old. All of the participants were right-handed. They had at least 12 years of formal education, with no history of neurodegenerative diseases or apraxia. The aphasic patients were stroke survivors with a single lesion in the left anterior cerebral hemisphere. They were in the chronic phase of recovery and 8 to 30 months (Mean±SD duration: 20±6.5 mon) have passed their strokes.

The patients' scores on the Persian Aphasia Test ([@B36]) indicated their non-fluent aphasic problems and also their speech was characterized by limited production of sentences, especially complex structures. They had received different periods of language therapy before participating in this study, but their therapeutic programs did not specifically focus on their problems in complex sentences. The patients with difficulties in the comprehension of nouns and verbs used in the tasks of this study were excluded from sampling. The matched-control participants were 15 Persian-speaker individuals without language disorder. Five control participants were age-matched to each subgroup of the patients.

2.2.. Study task
----------------

The task of the current study comprised 70 reversible sentences. Ten simple declarative sentences (with no structural factor of complexity) and 60 movement-driven sentences consisting of 30 clefts: 15 subject clefts and 15 object clefts; and 30 relative clauses: 15 subject relatives and 15 object relatives. Both the object clefts and object relatives had non-canonical structures. A transitive action verb was used for all sentences, these verbs were divalent so needed an agent and a theme as semantic roles. The semantic roles of the sentences were reversible ([Figure 1](#F1){ref-type="fig"}). All noun phrases were singular ([Table 1](#T1){ref-type="table"}). The sentences were constructed by the researcher and all matching pictures were drawn by the same artist. The presentation of sentences was in random order.

![A sample of a picture pair used in the binary sentence-picture matching tasks](BCN-10-199-g001){#F1}

###### 

Samples of target sentences in the task

  ---------------------------------------------------------------------------------------------------
  **Type**             **Semantic Reversible Sentences**
  -------------------- ------------------------------------------------------------------------------
  Simple declarative   /mâdar/ /bače/ /ra/ /donbal/ /mikonad/.\
                       The mother is following the child.

  Subject cleft        /in/ /bače/ /Ɂst/ /ke/ /mâdar/ /ra/ /donbal/ /mikonad/.\
                       This is the child who is following the mother.

  Object cleft         /in/ /mâdar/ /Ɂst/ /ke/ /bače/ /Ɂu/ /ra/ /donbal/ /mikonad/.\
                       This is the mother whom the child is following.

  Subject relative     /mâdari/ /ke/ /bače/ /ra/ /donbâl/ /mikonad/ /be/ /ĵelo/ /negâh/ /mikonad/.\
                       The mother who is following the child is looking forward.

  Object relative      /mâdari/ /ke/ /bače/ /donbâlash/ /mikonad/ /be/ /ĵelo/ /negâh/ /mikonad/.\
                       The mother whom the child is following is looking forward.
  ---------------------------------------------------------------------------------------------------

2.3.. Study procedure
---------------------

A double choice sentence to picture matching task was used to assess the performance of participants regarding the sentence comprehension. In these tasks, two pictures were presented for each sentence; a target picture which showed the event in the sentence and a foil picture in which the semantic roles were reversed. The frequency of the position of the target picture on either side of the screen was counterbalanced during the testing in each trial.

The written sentence was read aloud by the examiner and the participants were asked to choose the correct picture. The examiner would read each sentence only once more if the participant requested. The task was presented without time limit.

2.4.. Reliability
-----------------

We examined the inter-observer reliability of responses. Thus, all responses of each subject were scored by the primary examiner and a trained, independent judge. Point-to-point agreement ranged from 90% to 100% (Mean=95%).

2.5.. Data analysis
-------------------

The data were analyzed at the group level since both patient and control participants were homogeneous. As the data showed the normal distribution, we used parametric tests. The performance of the patients was compared with the performance of the control group by the Independent t-test. The performance of the three subgroups in each aphasic and control participants were compared by 1-way ANOVA, regarding each sentence structure. To examine the effect of structure regarding sentence comprehension in the patient group, we compared the performance in every two related structures using the paired t-test.

3.. Results
===========

3.1.. Control participants
--------------------------

The performance of the control group was at the ceiling level for all sentence types, and their percentages of correct responses were between 93% and 100% during all types of sentences. Every three subgroups was matched with a different subgroup of the patient, differences between subgroups were analyzed using 1-way ANOVA, regarding each sentence structure. There was no significant difference between subgroups.

3.2.. Control and patient groups
--------------------------------

The results of comparisons between patient and control participants were done by the Independent samples t-test which showed that in all structures and especially in more complex types, the performance of patients were significantly weaker than the controls (P\<0.01).

3.3.. Patient group
-------------------

The mean percentage of accuracy and standard deviation of patients' performance in all sentence types of this study are shown in [Tables 2](#T2){ref-type="table"} separately. Also, the position of sentences in different levels of complexity can be seen in the [Tables 2](#T2){ref-type="table"} and [3](#T3){ref-type="table"}. As seen in [Tables 2](#T2){ref-type="table"}, only the performance of patients in subject clefts (74%) and simple declarative sentence (71%) task was above the chance level, also the best comprehension of sentences was allocated to the subject clefts (74%) task.

###### 

The performance of all patients with respect to each type of sentence (Mean±SD number and percentage of correct responses) (n=6)

  **Variables**   **Semantic Reversible**                                                               
  --------------- ------------------------- ------------------- ------------------- ------------------- -------------------
  Mean            23% (4 out of 15)         33% (5 out of 15)   40% (6 out of 15)   7% (11 out of 15)   71% (7 out of 10)
  SD              0.0687                    0.0526              0.7731              0.0526              0.0752

###### 

Comparison of relatives and clefts sentences (Mean±SD number and percentage of correct responses) (n=6)

  **Variables**   **Semantic Reversible**   
  --------------- ------------------------- --------------------
  Mean            31% (9 out of 30)         53% (16 out of 30)
  SD              0.0658                    0.0516
  P               \<0.001                   

On the other hand, their performance in the comprehension of subject relatives (40%) task was a little below the chance level and they were also significantly weak in the comprehension of object clefts (33%) and object relatives (23%) tasks, too. Therefore we considered non-canonical sentences as more complex structures, although the patients showed the lowest performance in the comprehension of the object relatives. Consequently, the pairwise comparison between simple declarative sentences and movement-derived structures, canonical versus non-canonical structures, and clefts versus relative clauses was done by the paired t-test.

### 3.3.1.. Clefts vs. relative clauses

To find out the level of complexity between clefts and relative clauses, the average performance of patients' comprehension in these tasks was compared. As it is shown, each of these parts consisted of clefts (subject cleft and object clefts) and relatives (subject relatives and object relatives) structures. Results showed that the patients performed at the chance level in the comprehension of clefts (53%) but their performance in relative clauses was below the chance level (31%). Therefore the comprehension of relative clauses was significantly lower than the comprehension of clefts (P=0.000) ([Table 3](#T3){ref-type="table"}).

### 3.3.2.. Simple declarative vs. movement-derived structures:

The movement in the constituent of the sentence from its base is a factor of complexity. The average performance of patients in movement-derived sentences task was compared with their performance in simple declarative sentence task. As mentioned before, movement-derived sentences included all clefts and relative clauses. Although the average performance of patients in movement-derived sentences was at the chance level, the patient group showed a significant difference in the comprehension of these two types of structures (P\<0.000) ([Table 4](#T4){ref-type="table"}).

###### 

Comparison of simple declarative and movement-derived structures (Mean±SD percentage and number of correct responses) (n=6)

  **Variables**   **Semantic Reversible**   
  --------------- ------------------------- -------------------
  Mean            48% (29 out of 60)        71% (7 out of 10)
  SD              0.236                     0.0752
  P               \<0.001                   

### 3.3.3.. Canonical vs. non-canonical structures

To investigate the effect of word order in sentences, the performance of patients in the comprehension of canonical (subject relatives and subject clefts) and non-canonical sentences (object relatives and object clefts) were compared. As presented in [Table 5](#T5){ref-type="table"}, the patients group performed below the chance level in the comprehension of non-canonical sentences (28%) and as noted above, comparisons of pair structures in the patient group were done by the paired t-test. It means that they performed significantly better in the comprehension of canonical sentences (P=0.000).

###### 

Comparison of canonical and non-canonical structures (Mean±SD percentage and number of correct responses) (n=6)

  **Variables**   **Semantic Reversible**   
  --------------- ------------------------- ----------------------
  Mean            28% (8 out of 30)         57.4% (17 out of 30)
  SD              0.0806                    0.0539
  P               \<0.0001                  

To sum up, the average performance of patients in all three conditions of complexity versus simple matched pairs are shown below in [Figure 2](#F2){ref-type="fig"} (Series 2 shows comprehension in the condition of complexity: movement-derived, non-canonical and relative, and the series 1 shows the performance in their matched simple conditions: simple declarative, canonical and cleft, respectively).

![Comprehension of each paired structures in the patient group (percentage of correct responses)](BCN-10-199-g002){#F2}

4.. Discussion
==============

This study investigated the comprehension of sentences considering the factors of complexity in Persian-speaking PWAs. The major goals were to restrict the study to syntactic aspects by using semantically reversible sentences and to determine the level of complexity in related structures for using them in the clinical setting.

According to the obtained results, the matched control group performed normally in all sentence types, and their performance was significantly different from the patients' performance. Furthermore, neither normal nor patient participants had significant differences between their three age-ranged subgroups. In contrast, some studies have found that elderly subjects generally perform worse in understanding complex sentences ([@B16]). Other studies have found lower comprehension of more complex syntactic structures in the elderly ([@B37]; [@B13]). This inconsistency may be attributed to the higher educational level of the participants of this study.

On the other hand, PWAs showed problems in understanding of complex sentences, and their performance in pair structures would be described as follows. Similar to English-speaking PWAs, the Persian-speaking ones showed significantly lower accuracy in the comprehension of relative clauses compared to the comprehension of the clefts ([@B18]; [@B46]; [@B29]).

Both of these structures were similar in syntactic complexity. In addition, the semantic roles were reversible for both types. So, the only difference between them was the sentence length that is shorter in clefts. Clearly, there is a negative correlation between the length of sentence and accuracy of performance in a way that the longer the sentence, the lower the performance was ([@B9]). The comprehension of longer sentences requires more capacity to maintain representation in memory. However, PWAs are pathologically deprived of these resources (i.e. working memory) ([@B7], [@B38]; [@B35]; [@B6]).

The present study also compared the performance of PWAs in the comprehension of canonical sentences (i.e. subject clefts and subject relatives) versus non-canonical sentences (i.e. object clefts and object relatives). PWAs performed significantly below the chance level in the comprehension of non-canonical sentences. This finding is consistent with previous studies on aphasic sentence comprehension in some other languages that showed PWA's comprehension is especially impaired in non-canonical sentences, with no difficulty in canonical sentences ([@B18]).

The canonical word order is the most frequently-used structure in any language, in comparison with non-canonical sentences which are rare. Thus, most individuals may judge non-canonical structures based on the ordinary form of sentence which needs more attention to distinguish the unusual form of the sentence ([@B40]). Therefore, PWAs "tend to fall back on the dominant word order in judging agent-theme relations" ([@B14]). In addition, PWAs have limitations in the allocation of attention resources to these infrequent non-canonical sentences ([@B24]).

The results showed that PWAs' performance was at a chance level compared to movement-derived sentences. On the other hand, although the comprehension of simple declarative was not at the highest level, it was significantly above the chance level. The movement-derived sentences in this study consisted of both canonical and non-canonical structures. For this reason, the low performance of PWAs is related to the understanding of the non-canonical sentences, with no relation to the features of movement elements. In addition, they performed above the chance level compared to subject clefts as a type of movement-derived structure; this performance was even better than their performance in the comprehension of simple declarative sentences, in which there is no factor of syntactic complexity ([Table 2](#T2){ref-type="table"}). Therefore, these results are inconsistent with the theory suggesting that movement of noun phrases is impaired in PWAs (Trace Deletion Hypotheses, [@B22], [@B23]).

Syntactic complexity that would lead to comprehension deficits even in the shorter sentences (i.e. object clefts) is related to the problems in the allocation of attention. Additionally, working memory problem is the main source of a misunderstanding of longer sentences (i.e. relatives). In other words, there is a direct relationship between sentence length and working memory. These clinical observations argue against hypotheses that posit a deficit of a specific linguistic function and favors the evidence from neuroimaging that sentence comprehension deficits is due to disruption in neural connections within the relevant brain areas ([@B32]; [@B45]).

This study has also implications that might be used in the diagnosis and treatment of aphasia, such as determining the level of complexity between the relevant structures in the Persian language (i.e. relatives\>clefts, object relatives\>subject relatives, object clefts\>subject clefts, and simple declarative sentences\>subject clefts). These hierarchical level could be useful in planning treatment in aphasia therapy ([@B43]; [@B44]).
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